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Introduction
Centuries of human impact on forests have caused drastic 
changes in the forest cover, structure and species composi-
tion [1,2]. As a result of intensive efforts of conservationists, 
ecologists and foresters, certain forest fragments have been 
excluded from the commercial use, both to preserve and to 
study the forest vegetation [3,4]. A sound understanding of 
how the previous land use and forest management affected 
the vegetation, and how this vegetation has been changed 
after the cessation of management, is of great importance 
to successful forest conservation [5,6]. Current and future 
successional trends may be predicted more accurately based 
on the knowledge of the management effects on forest bio-
diversity and the potential successional pathways after the 
cessation of management [7–9]. Protected forest areas can 
serve as reference sites to quantify the effects of silvicultural 
activities. They provide the necessary benchmark for nature-
based silviculture in commercial forests [10,11] and help 
to determine the best management options in silvicultural 
systems during sustainable forest management (SFM) and 
the implementation of forest naturalness [12–14].
Most forest reserves established in central Poland were 
designated to preserve diverse forest communities with the 
silver fir (Abies alba Mill.) [15,16], mainly due to the growing 
awareness of this species decline throughout Europe [17,18]. 
Its preservation was perceived as an issue of great impor-
tance, also due to high environmental, social, and primarily 
economic significance of A. alba [19]. A long tradition of fir 
forests management has existed throughout the natural range 
of A. alba, where it is a significant forest component [20], 
and the most valuable and “natural” forest fragments have 
been included into the network of forest reserves. Reserves 
are partially protected, which means that if necessary the 
limited human intervention is allowed within their area to 
maintain high share of silver fir.
However, it may be assumed that the vegetation was not 
entirely natural when the reserves were created, as forests 
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Abstract
Knowledge of the vegetation and the monitoring of its changes in preserved areas is an essential part of effective conser-
vation policy and management. The aim of this study was to assess the effectiveness of traditional methods of conservation 
of silver fir forests. The study analyses the changes in the structure and species composition of a temperate forest excluded 
from the commercial silvicultural management for 50 years, and since then protected as a nature reserve. The study is 
based on a comparative analysis of phytosociological reléves made on permanent plots in 1961, 1982, 1994 and 2011. PCA 
and ecological indicator values were analyzed, as well as characteristic species based on an indicator value (IndVal) index. 
Results revealed significant and dynamic changes in the forest structure and composition. The mixed coniferous-broadleaved 
forest with Abies alba and diverse ground flora, considered in the 1960s as valuable and worthy of conservation, was found 
to have been anthropogenically transformed and unstable. Significant reduction in the human impact was followed by 
spontaneous regeneration of oak–hornbeam forest. However, the directional process of changes in vegetation was modified 
by such silvicultural treatments as selective cutting of trees and gap creation, all intended for silver fir maintenance. The 
results show that Carpinus betulus effectively outcompeted Pinus sylvestris, Picea abies, Quercus robur and A. alba. Changes 
in the forest overstory and understory caused temporal changes in the habitat conditions reflected in changes in the ground 
vegetation composition. The proportion of light-demanding and oligotrophic species significantly decreased, while the 
contribution of species with a wide ecological amplitude, i.e. more shade-tolerant and nutrient-demanding – increased. 
The share of A. alba was reduced. Species defined in this study as most valuable, should be actively protected, or selection 
of conservation targets should be re-evaluated.
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had been managed before that time [15,20]. The tree stand 
structure and composition had been significantly affected by 
previous clear-cuttings and remodeled by common planting 
of the Scots pine (Pinus sylvestris L.) and/or Norway spruce 
(Picea abies L.). The impact of the previous commercial use 
on the biodiversity may be observed decades later [21,22]. 
The conservation management focused on the maintenance 
of tree species composition may additionally modify the 
forest community structure. The preservation of the silver 
fir population requires specific forest activities: silvicultural 
strategies are aiming at the gradual removal of P. sylvestris or 
P. abies from the tree stand layer, and the reduction of canopy 
and subcanopy cover, usually by cutting down the European 
hornbeam (Carpinus betulus L.) or European beech (Fagus 
sylvatica L.) trees [15,23]. The natural restocking of A. alba is 
enhanced by the creation of forest gaps which provide oppor-
tunities for tree recruitment, establishment and development 
[24]. However, the final results of human intervention may 
sometimes differ from the expectations. Silvicultural opera-
tions, even the limited ones, result in site disturbances and 
provide an additional driving force for vegetation dynamics. 
Changes in the canopy cover and forest stand composition 
influence the site conditions [25–27], which are reflected in 
changes in the ground vegetation composition [28–31]. If a 
forest reserve have existed for half a century, it represents an 
excellent opportunity to research the changes in vegetation 
and the effectiveness of nature conservation in the environ-
ment exposed to a limited human impact.
The study was aimed at determining (i) whether the 
community structure and composition have changed during 
the conservation; and if so, (ii) what changes in the forest 
stand composition have occurred; (iii) whether there has 
been any successional trend observed in the vegetation; and, 
(iv) how the contemporary vegetation has been affected by 
anthropogenic activity before and after the establishment 
of the reserve.
Material and methods
Study area
The study was conducted in the Jamno nature reserve 
situated in central Poland (51.70° N, 18.89° E; Fig. 1), in 
the Wysoczyzna Łaska geographical region – a plain with 
an altitude of 157–160 m a.s.l. The landscape of the region 
was shaped under the Warta Glaciation between 180 000 
and 150 000 BP and modified under the Weichsel Glaciation 
between 25 000 and 15 000 BP. The geological substratum 
consists of heavy and medium clays covered by glaciofluvial 
sediments, sandy-gravel and loess, 0.7–2 m deep, with high 
clay content. Sandy-gravel deposits retain the rainfall water, 
which is accumulated over the impermeable clay layer. The 
groundwater level is no deeper than 1.5 m. Proper clay soils 
dominate, and a small patches are occupied by typical pod-
zolic soil (lessive soil). The topography and site conditions 
are homogenous in the reserve. The climate of the area is 
temperate with a mean annual temperature of 8.4°C and a 
mean annual precipitation – 605 mm. The mean temperature 
of the coldest month (January) is −2.5°C, while that of the 
warmest month (July) is 18.2°C [32].
The nature reserve was established in 1959 to preserve the 
mixed-age population of A. alba with the oldest trees being 
90–100 years old, growing in a mixed coniferous–broadleaf 
forest, and to preserve the floral diversity. The reserve is 
located close to the natural range limit of A. alba in Poland, 
however, the conditions of the site are still suitable for the 
growth of this tree species [15].
The reserve – 22.4 ha in area, is located within the Kobyla-
Jamno forest complex of 627 ha (Fig. 1). This land has been 
covered with forest for over 200 years [33], however, the 
forest stands outside the reserve are younger than 140 years. 
The forest is owned by the State and managed by the State 
Forests for commercial purposes, apart from the reserve 
area (since 1959). The history of human impacts on the 
vegetation within the reserve is similar to that observed in 
the forest outside the reserve’s borders [34]: the mature forest 
stand (100–120 years old) was cut and the new generation 
of P. sylvestris and Q. robur was planted. Small patches oc-
cupied by A. alba were left within plantation areas. Since the 
1960s, only a limited intervention has occurred within the 
reserve: P. sylvestris has been gradually removed and small 
canopy gaps were created by cutting of single C. betulus 
trees. All activities were focused on the maintenance of the 
A. alba dominance.
The description of the structure and the diversity of the 
tree stand as well as the detailed data on the measures un-
dertaken to protect the silver fir population were presented 
in 1966 by Sowa and Szymański [35], in 1993 by Sowa et al. 
[36], in 2001 by Woziwoda [34] and in 2012 by Woziwoda 
et al. [37].
Data source
The vegetation of the reserve has been inventoried in 
detail four times: in 1961 [35], 1982 [36], 1994 [34] and 
2011 [37]. Reléves were made and repeated using the same 
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Fig. 1 Location of the study area and the distribution of perma-
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method based on Braun-Blanquet’s approach [38], on 25 
permanent plots (19 in 1961; Fig. 1) located in homogenous 
patches of vegetation. The area of each individual plot is 
400 m2 (20 × 20 m). In each plot, the cover of all vascular 
plant species (herbs, shrubs, trees) and mosses was esti-
mated using a six-degree cover-abundance scale from “+”, 
representing a few individuals covering less than 1%, to “5”, 
representing plant species covering more than 75% of the 
plot area. Based on the obtained results, both the number 
of species and the proportion of the area covered by a given 
species were estimated. Phytosociological data were used to 
compare and to analyze changes in the forest structure and 
composition over time.
Data analysis
PCA analysis was performed using CANOCO software 
version 5 [39]. General patterns of variation in species 
composition of the studied vegetation were characterized, 
and the results were divided based on time series: 1961, 1982, 
1994 or 2011. This analysis was carried out for the entire 
data set, i.e. 94 samples. In the canonical analysis, ecological 
indicator values (EIV) were used as supplementary data to 
show the direction of changes with reference to ecological 
indices according to Zarzycki et al. [40]. The mean EIVs 
for light (L), moisture (M), soil fertility (Tr) and soil reac-
tion (R) were calculated for each of the four time series. 
Species defined in the Zarzycki’s system as indifferent and 
not classified were excluded from the analysis. Mean EIVs 
were calculated for each sampling on the basis of all species 
present in a sample, taking into account cover values as 
weights. The Spearman coefficient was used to determine the 
correlation between L, M, Tr and R values and eigenvalues 
of the first two PCA axes.
Indicator values (IndVals) [41] calculated using PC-ORD 
6.15 software [42] were used to determine which plant 
species were significantly associated with each sampling 
period. PC-ORD was also used to determine the significant 
maximum IndVals for each group using the Monte Carlo 
randomization test.
Changes in the species diversity in consecutive time series 
were analyzed by comparing the total number (noted in each 
of the four time series) and the mean number (noted per 
research plot) of woody species, herbs and mosses.
Changes in the forest community structure expressed 
by the mean cover value (with a standard deviation) of 
the vegetation layers of: higher trees (a1), lower trees (a2), 
shrubs (b), herbs (c) and mosses (d), were also analyzed. 
In addition, temporal changes in the mean cover values of 
A. alba, P. sylvestris, P. abies, C. betulus and Quercus robur 
were analyzed in the forest overstory (a1 and a2 layers) and 
understory (b and c layers).
Differences between the times series were analysed with 
the one-way ANOVA test (P < 0.05). The normality was 
checked with the Shapiro–Wilk test, and the homogeneity 
of variance with Levene’s test. Due to the lack of normal 
distribution of the calculated indices, the Box–Cox trans-
formation was used.
The nomenclature of vascular plant species follows Mirek 
et al. [43] and mosses – Ochyra et al. [44].
Results
Changes of the plant communities in time
The results of the PCA analysis showed that the time, light 
intensity and soil fertility were the most important factors 
affecting the patterns observed in the vegetation (Fig. 2, 
Tab. 1). The first axis shows the variation resulting from 
the time function: the oldest historical data (from 1961) 
are located on graph quadrants I and IV, results from 1982 
and younger occupy graph quadrants II and III. The second 
axis is strongly correlated with the light intensity and soil 
fertility indicators (Tab. 1).
The forest community inventoried in 1961 was distin-
guished by the occurrence of species preferring pine forest 
with a partly open canopy (Tab. S1). Some of them, e.g. 
Genista tinctoria, Polytrichum juniperinum, Calluna vulgaris, 
Hieracium pilosella, are more closely associated with open 
moorlands or grasslands with acid and poor sandy soils 
than with forests. The next series from 1982 revealed the 
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Fig. 2 PCA analysis of the phytosociological samples from 1961 
(white squares), 1982 (light grey squares), 1994 (dark grey squares) 
and 2011 (black squares) completed with environmental variables: 
indicator values for light (L), soil moisture (M), soil fertility (Tr) 
and soil reaction (R; in accordance with Zarzycki et al. [40]).
PCA axis
Light 
(L)
Soil moisture 
(M)
Soil fertility  
(Tr)
Soil reaction 
(R)
Axis 1 0.27 −0.42 −0.27 ns
Axis 2 0.55 −0.48 −0.63 ns
Tab. 1 Coefficients of the Spearman rank correlation between 
sample scores on PCA axis 1 and 2, and the environmental 
variables (P < 0.05).
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presence of species associated with forest patches disturbed 
by cutting of trees, such as Galeopsis bibida, Hieracium 
lachenalii or H. sabaudum. The community inventoried in 
1994 was characterized by species commonly occurring in 
broadleaved forests, i.e. Deschampsia caespitosa and Milium 
effusum. The final time series was distinguished by the 
presence of a group of mosses, however, even though their 
IndVals were high (Tab. S1), most of them reached very low 
frequency and cover.
A total number of 166 plant species were noted during the 
50 years of studies, including 24 woody species, 91 herbs and 
53 bryophytes, but the total number of species noted in each 
individual time series did not exceed 104 (Tab. 2, Tab. 3).
The number of woody species fluctuated, the number of 
mosses gradually increased, and the number of herbs initially 
increased after the establishment of the reserve. However, this 
number has decreased since 1982. The changes in the mean 
number of all species per research plot were insignificant, 
while significant differences (P < 0.05) were noted in the 
mean number of herbs (decrease), and the mean number 
of mosses (increase; Tab. 2, Tab. 3).
Community structure and composition
During the 50 years of forest conservation, the canopy 
(a1) and subcanopy cover (a2, b) increased, while the herb 
and moss cover decreased (Tab. 2, Fig. 3). Meantime, the 
fluctuation of the layer cover was observed.
The mean cover of A. alba in the tree layers (a1 and a2) 
increased, the shrub layer cover fluctuated but generally de-
creased and the c layer cover considerably decreased (Tab. 4). 
The proportion of Q. robur, Picea abies and Pinus sylvestris 
gradually decreased in most forest layers. Although the 
Results of ANOVA
Vegetation indices MS effect MS error F P–value
EIV for: light (L) 1.906 0.926 2.059 ns
moisture (M) 0.636 0.190 3.347 <0.05
soil reaction (R) 0.664 1.035 0.641 ns
soil fertility (Tr) 3.476 0.865 4.019 <0.01
Number of species: 247.544 130.678 1.894 ns
woody species 13.198 4.745 2.781 <0.05
herbs 320.477 34.253 9.356 <0.001
mosses 60.734 1.447 41.973 <0.001
Cover value of: higher trees (a1) 152.546 23.708 6.436 <0.001
lower trees (a2) 14.598 4.281 3.410 <0.05
shrubs (b) 4.637 2.509 1.848 ns
herbs (c) 15.290 0.596 25.663 <0.001
mosses (d) 1.480 0.088 16.832 <0.001
Tab. 2 Results of one-way ANOVA testing the effect of four community 
series on the mean value of ecological indicator values (EIV), mean number 
of woody, herbaceous and moss species, and mean cover values of higher and 
lower trees, shrubs, herbs and mosses. Due to the lack of normal distribution 
of the calculated indices, the Box–Cox transformation was used.
Year: 1961 1982 1994 2011
No. of species: total mean ±SD total mean ±SD total mean ±SD total mean ±SD
Woody species 13 8.00a,b ±1.29 22 8.28a ±1.65 13 7.12b ±1.30 19 7.92a,b ±1.66
Herbs 51 16.53a,b ±3.44 61 18.28b ±4.05 55 19.96b ±4.36 44 13.24a ±6.07
Mosses 12 6.37a,b ±1.38 21 5.16a ±2.85 27 7.44b ±2.40 40 13.32c ±3.39
In total 76 30.89NS ±4.69 104 31.72NS ±5.02 95 34.52NS ±5.75 103 34.48NS ±9.58
Tab. 3 Changes in the species composition expressed by the number of species.
The mean number of species was counted per sample plot (n = 19 in 1961, and n = 25 in 1982, 1994 and 2011). 
Boxes with the same letter are not significantly different, according to Tukey’s post-hoc test.
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contribution of C. betulus fluctuated across the subsequent 
time series and forest layers, its proportion considerably 
increased in general, except the c layer where it increased 
in 1994 and then decreased in 2011 (Tab. 4).
EIVs fluctuations
Values of ecological indices of light and soil acidity 
fluctuated during the studied period (Tab. 2, Fig. 4a,d), the 
moisture index increased across the first three time series, 
and then decreased (Tab. 2, Fig. 4b), while the fertility index 
increased (Tab. 2, Fig. 4c).
There was a strong correlation between environmental 
variables and the community composition (Tab. 5). A 
significant positive correlation occurred between the grow-
ing cover of species characteristic of broadleaved forests 
(Querco-Fagetea class) and C. betulus cover. This relation-
ship is contrary to that observed in the cover of species 
characteristic of coniferous forests (Vaccinio-Piceetea class).
Discussion
The results of the study reveal significant and dynamic 
changes in the forest structure and composition. These were 
caused both by forest management and natural changes in 
the vegetation.
Changes in the forest stand structure and composition
The forest stand structure and composition of the studied 
forest had been affected by silvicultural practices, both before 
and after the nature reserve establishment. Abies alba domi-
nated in the forest stand due to the fact that this tree was and 
still is preferred in the forest management, despite the fact 
that the habitat is more suitable for Q. robur or C. betulus. 
However, the cessation of intensive silvicultural activity 
after the establishment of the reserve favored the return of 
C. betulus as the dominant species. The massive development 
of C. betulus (reflected in its high cover index in the “c” layer 
in 1994; Tab. 4) prevented the expected natural restocking 
of A. alba in forest gaps which were artificially created by 
cutting of some trees from the canopy layer. After 17 years, 
numerous C. betulus sprouts reached the shrub (b) and 
lower tree (a2) layers where they formed a close subcanopy. 
Attempts to reduce C. betulus regrowth by repeated cutting 
appeared ineffective and made the natural regeneration of 
silver fir more difficult. Mechanical damage of C. betulus 
shoots is known to stimulate abundant re-sprouting in the 
plant and leads to the formation of an even denser shrub 
layer [45]. The gradual decrease in A. alba cover observed 
in the understory layers (b and c) may result in the loss of 
its co-dominant position in the future. Furthermore, the 
studies show that A. alba dies at the age of 200 years [46]. 
The oldest trees observed in the reserve are 140–150 years 
old, however, some of them have already died. In this situ-
ation, A. alba will be naturally replaced by the broadleaved 
species, or its further conservation will require additional 
silvicultural activities intended for A. alba recovery
The replacement of A. alba by broadleaf trees in forests 
excluded from the management has also been reported in 
beech forest habitats where it was substituted by F. sylvatica 
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Fig. 3 Changes in the forest community structure expressed by 
the mean cover values (± standard deviation) of the layers of higher 
trees (a1), lower trees (a2), shrubs (b), herbs (c) and mosses (d). 
Boxes with the same letter are not significantly different, according 
to Tukey’s post-hoc test.
Tree 
species
Mean cover ±SD
1961 1982 1994 2011
Abialb_a1 17.4 ±18.9 19.8 ±13.9 22.6 ±15.5 23.1 ±17.6
Abialb_a2 7.8 ±7.1 10.4 ±7.1 10.1 ±7.5 11.7 ±8.8
Abialb_b 16.6 ±15.6 11.6 ±6.8 13.7 ±9.7 13.0 ±10.5
Abialb_c - 4.1 ±3.5 3.5 ±3.7 0.7 ±0.9
Carbet_a2 3.7 ±6.4 16.0 ±13.0 14.2 ±16.7 14.7 ±15.6
Carbet_b 3.3 ±9.2 0.5 ±1.4 2.5 ±5.8 22.5 ±21.0
Carbet_c 3.7 ±9.2 9.7 ±7.8 26.0 ±22.0 10.3 ±8.4
Querob_a1 17.8 ±19.7 38.2 ±16.8 41.3 ±15.3 37.6 ±18.5
Querob_a2 - 1.8 ±3.8 0.1 ±0.2 -
Querob_b 6.4 ±12.2 0.1 ±0.1 0.2 ±1.0 -
Querob_c 3.2 ±5.4 1.4 ±1.8 2.0 ±3.7 0.1 ±0.2
Picabi_a1 0.1 ±0.1 0.7 ±3.5 0.7 ±3.5 -
Picabi_b 8.6 ±12.3 9.3 ±9.5 9.0 ±7.9 5.1 ±6.6
Picabi_c 2.3 ±4.2 0.2 ±0.2 0.7 ±1.3 0.1 ±0.2
Pinsyl_a1 6.2 ±10.4 1.8 ±4.9 0.4 ±1.4 0.2 ±1.0
Pinsyl_c 0.4 ±1.1 - - -
Tab. 4 Forest stand structure and composition in 1961, 1982, 
1994 and 2011.
The silver fir (Abialb), European hornbeam (Carbet), pedunculate 
oak (Querob), Norway spruce (Picabi) and Scots pine (Pinsyl) in 
higher (a1) and lower (a2) tree layers, in the shrub layer (b) and 
in the ground layer (c).
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Fig. 4 Changes in mean: light (a), soil moisture (b), soil fertility (c), and soil acidity (d) indicator values in subsequent stages of the 
study; values after Box–Cox transformation. Boxes with the same letter are not significantly different, according to Tukey’s post-hoc test.
Light Moisture Fertility Acidity Σci herbs Σci mosses
No. of 
herbs
Σci Carbet 
(b,c)
Light ×
Moisture −0.213* ×
Fertility −0.649*** 0.149NS ×
Acidity −0.431*** −0.291** 0.595*** ×
Σci herbs 0.167NS −0.055NS −0.125NS 0.041NS ×
Σci mosses 0.318** −0.244* −0.460*** −0.323** 0.109NS ×
No. of herbs 0.058NS −0.103NS 0.155NS 0.169NS 0.624*** 0.180NS ×
Σci Carbet (b,c) −0.376*** 0.140NS 0.583*** 0.304** −0.180NS −0.238* 0.122NS ×
Tab. 5 Pearson correlation coefficients among environmental variables: light, soil moisture, soil fertility, 
soil acidity and total of cover indices (Σci) of: herbs, mosses, Carpinus betulus (Carbet) in shrub (b) and herb 
(c) layers, and number of noted species.
The correlation are significant when P < 0.05 (r value with asterisk). Since the calculated indices did not 
have a normal distribution, the Box–Cox transformation was used before Pearson’s correlations. * P < 0.05; 
** P < 0.01; *** P < 0.001; NS – non significant.
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[47–49]. The withdrawal of A. alba was the result of natural 
and spontaneous competition between tree species, acceler-
ated by silvicultural operations. Due to the growing problems 
with A. alba regeneration and its recruitment into the tree 
layer [50,51], foresters and conservationists are still aware of 
the need to preserve this species [52], (but see [53]).
Dense canopy cover of C. betulus also likely resulted in 
a lack of regeneration of Q. robur (Tab. 4), hindering the 
survival and the growth of oak seedlings [54–56]. Moreover, 
thick crowns of C. betulus may well have caused Q. robur 
boughs to die off [57], which may be the cause of a decrease 
in this species cover value observed in the a2 layer. Also a 
gradual withdrawal of P. abies from the community can be 
observed (from b and c layers; Tab. 4), and this might be 
due to the growing dominance of C. betulus. A number of 
dead P. abies saplings found in 2011 were surrounded by 
dense thickets of C. betulus (author’s observation). The 
natural regeneration of A. alba in the forest fragment was 
also supported by gradual cutting of P. sylvestris trees per-
formed until the 1990s. The light-demanding P. sylvestris 
seedlings and saplings observed in the1960s naturally died 
due to the increasing shading of ground layers caused by 
C. betulus. Maciejewski and Szwagrzyk [49], Bernadzki et 
al. [58] and Kowalski [59] also reported almost complete 
lack of P. sylvestris regeneration under the close canopy of 
deciduous species.
In general, the intentional silvicultural operations af-
fected and modified the forest structure and composition, 
but they also forced spontaneous changes within the forest 
community. However, the current overstory and understory 
structure and composition may also reflect differences in the 
development cycles and competition between the main tree 
species [60,61]. Other factors, not studied in this paper, may 
also significantly affect the dynamics of forest stands, e.g. 
the impact of climate change [62], natural disturbances [63] 
or species decline caused by lack of genetic variability [64].
Changes in the habitat conditions reflected in EIVs
Temporal changes in the forest overstory and understory, 
both anthropogenic and natural, caused changes in the 
habitat conditions reflected in the ground vegetation com-
position. Partly open forest canopy, observed in the 1960s 
(Fig. 3), composed mainly of P. sylvestris, A. alba and Q. robur 
(Tab. 4) favored the occurrence of light-demanding species 
on the forest floor (Fig. 4a). Withdrawal of these plants was 
caused by spontaneous regeneration of C. betulus after the 
establishment of the reserve and an increase in the canopy 
cover (Tab. 4). The dense understory layers also favored the 
establishment of shade-tolerant species, as demonstrated by 
the lowest measured light indicator value in 1982. Cutting 
of single C. betulus trees during the late 1980s temporarily 
increased the solar radiation incident on the forest floor, 
resulting in the regrowth of light-demanding species: a 
higher mean light value was recorded in 1994. However, 
the later development of C. betulus, both in the shrub layer 
and in the lower forest stand layer considerably reduced the 
insolation reaching the ground vegetation. This deterioration 
in light conditions was expressed by a decreased light value in 
2011 (Fig. 4a). The increase in the moisture index observed 
till 1994 was likely a result of small gap formation [65]. As 
woody species produce litter with faster decomposition rates 
compared to coniferous trees [66], their growing advantage 
observed after the establishment of the reserve (Tab. 4) is 
likely to result in the increased general nutrient availability 
in the forest community. The gradual increase in the fertility 
index presented in Fig. 4c results from the establishment 
and persistence of nitrophilous species favoring the inflow 
of nutrients from the easily decomposable deciduous leaf 
litter [67]. The growing dominance of nitrophilous com-
petitors over oligotrophic species may also be related to the 
enrichment of forest sites with nutrient deposition from the 
atmosphere [68,69] (but see [70]).
Increase in the soil fertility, however, negatively affects 
the occurrence of oligotrophic species which are easily out-
competed and replaced by meso-eutrophic plants [71], as it 
was observed in the studied forest (Fig. 4c). The frequency 
and abundance of plants characteristic of coniferous forests 
gradually decreased also due to the cutting of P. sylvestris 
and withdrawal of P. abies (Tab. 4), and the reduced inflow 
of acid litterfall [25,72]. Consequently, the fluctuations in the 
forest stand composition resulted in fluctuations of the soil 
acidity reflected in fluctuations of the acidity index (Fig. 4d). 
During the period under study the acidophilus vascular 
plant species disappeared gradually, while mesophilous 
plants dominated.
The increase in the proportion of C. betulus resulted 
in the increased amounts of leaf litter. Dense deciduous 
litter, which periodically cover the whole ground, can be 
an important factor limiting the growth of mosses [73,74]. 
This may partially explain the decrease in the ground moss 
cover (Fig. 3), despite the observed increase in the moss 
species diversity (Tab. 2).
Decrease in the forest conservation value 
despite the increase in biodiversity
The overall plant diversity in the reserve was greater after 
50 years compared to the conditions before the establish-
ment of the reserve (Tab. 2). The richer flora observed after 
the reserve establishment can be explained by the growing 
diversity of micro-sites present under the coniferous–decidu-
ous canopy [75]. The creation of gaps after cutting of some 
trees also considerably favored the increased biodiversity 
[24,65]. The increase in the moss diversity (Tab. 3) was also 
related to the availability of more heterogeneous substrates 
in the coniferous–deciduous forest stand [76], but it was 
also associated with the increased amounts of dead wood 
[77,78]. However, the disappearance of the oligotrophic and 
acidophilous species, whose occurrence additionally justified 
the establishment of the protected area, e.g. Lycopodium 
annotinum, Polypodium vulgare, Pyrola chlorantha and 
P. minor, lowered the “conservation value” of the reserve. 
These plants were replaced by common species with wider 
ecological amplitudes being effective competitors of the 
ecological specialists in the changing environment [79].
Successional trends
The observed changes in the ground vegetation composi-
tion which followed after the reserve establishment reflect 
the potential of the site, and they were inevitable after the 
cessation of silvicultural management [80]. The dominance 
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of plants characteristic of coniferous forests observed in the 
1960s should be attributed to the impact of the previous 
management strategy. The preference for coniferous trees 
within the site of oak–lime–hornbeam forest resulted in the 
degradation of the eutrophic community, which favored the 
establishment of oligotrophic species. Such human impact 
is described as a form of forest degeneration and is referred 
to as “pinetyzation” [81].
The withdrawal of species from the Vaccinio-Piceetea class 
and the simultaneous increase in the proportion of species 
from the Querco-Fagetea class occurring after the reserve 
establishment is a clear indication of the community transfor-
mation from degraded mixed coniferous–broadleaved forest 
to natural broadleaved forest with coniferous admixture. The 
regeneration of an oak–lime–hornbeam community within 
a conserved area, formerly covered with mixed coniferous–
broadleaved forest has been already reported by Bernadzki et 
al. [58], Czerepko [82] and Kopeć et al. [83]. Moreover, this 
tendency is commonly observed not only in protected, but 
also in commercial forests [69,84]. It can also be observed 
throughout the entire studied forest complex within the site 
of the oak–hornbeam community [34]. These changes are 
favored by the implementation of SFM in the 1990s, which 
requires, inter alia, the forest stand to be compatible with 
site conditions. This involves a more natural tree species 
composition to be re-established with the use of natural 
woody species regeneration. As a result, the community 
protected within the reserve area became homogenous with 
those occurring outside the reserve, (i.e. in the commercial 
forest), which raises the question of whether the reserve can 
continue to exist under the present strategy. However, this 
secondary forest set aside from the silvicultural management 
and reverting to a natural community may have an important 
direct conservation function, insofar that it may be the site 
where future old-growth hornbeam forest will develop.
Conclusions
The main objective of the reserve establishment was to 
preserve the forest fragment built by A. alba, P. sylvestris 
and Q. robur and characterized by a diverse ground flora 
characteristic of mixed–coniferous forests. The plant com-
munity, described in the 1960s as valuable and worthy of 
conservation was, however, transformed by the previous for-
est management. The vegetation described in 1982 and 1994 
represents transitional stages between anthropogenically-
degraded and spontaneously-regenerating oak–hornbeam 
forest. After 50 years of conservation, the forest structure 
and composition is still unstable and will change as a result 
of intentional modifications to the forest stand layer from 
the 1980s and the regeneration of the hornbeam cohort.
The following conclusions were reached from the analysis 
of the inventories from 1961, 1982, 1994 and 2011:
 (i) establishment of the reserve was followed by spon-
taneous regeneration of natural forest vegetation 
degraded in the past by the commercial forest use. 
The increase in the proportion of spontaneously 
regenerating C. betulus and the shift in the species 
composition from light-demanding, acidophilous and 
oligotrophic species towards more shade-tolerant and 
nutrient-demanding species are the clear indicators 
of the gradual and long-term changes in the vegeta-
tion. They indicate the targeted turnover from the 
mixed coniferous–broadleaved community to the 
broadleaved forest one;
 (ii) the creation of gaps in the oak–hornbeam canopy 
do not necessarily favor the natural restocking of 
A. alba and Q. robur due to the high competitiveness 
of C. betulus. The observed decrease in A. alba cover 
indicates the species withdrawal from the forest com-
munity, which may result in the retreat of this species 
in the next 30–40 years;
 (iii) the loss of forest distinctiveness raises the question 
of further existence of the reserve under the pres-
ent conditions. In the studied case the conservation 
through active management should be implemented 
to preserve A. alba and oligotrophic, acidophilous 
and heliophilous species identified here as being the 
most valuable, or the conservation targets should be 
changed.
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